children being consumers of vegetables (OR 1.7; 95 % CI 1.0-2.9) and fish, respectively (OR 2.5; 95 % CI 1.4-4.4). Infant relative weight was weakly associated with a high intake of milk cereal drink (r = 0.15; p < 0.05), but not with any other aspect of dietary intake, obesity risk, or early feeding patterns.
Introduction
Many children develop obesity already during the preschool years [1] , but little is known about which components of dietary intake are involved and at what age potential obesogenic dietary habits emerge [1, 2] . There is a need for more prospective studies to identify associations between dietary habits in young children and subsequent development of obesity [1] . The shaping of children's food intake and preferences begins during the first year of life [3, 4] , and parental food habits and home food availability are likely to exert an important impact [5] .
Better knowledge about early associations between infant and parental dietary intake in relation to family obesity risk is needed to determine whether familial vulnerability for obesity would be expressed through dietary intake. However, whether dietary intake differs in young children at different risk of obesity is not clear. Some studies have identified differences in dietary intake and food preferences
Abstract
Purpose To compare dietary intake in 1-year-old infants and their parents between families with high and low obesity risk, and to explore associations between infant dietary intake and relative weight. Methods Baseline analyses of 1-year-old infants (n = 193) and their parents participating in a longitudinal obesity intervention (Early STOPP) were carried out. Dietary intake and diet quality indicators were compared between high-and low-risk families, where obesity risk was based on parental weight status. The odds for high diet quality in relation to parental diet quality were determined. Associations between measured infant relative weight and dietary intake were examined adjusting for obesity risk, socio-demographics, and infant feeding. Results Infant dietary intake did not differ between high-and low-risk families. The parents in high-risk families consumed soft drinks, French fries, and low-fat spread more frequently, and fish and fruits less frequently (p < 0.05) compared to parents in low-risk families. Paternal intake of vegetables and fish increased the odds for between preschool children with lean and obese parents [6] [7] [8] , whereas others have not seen any differences in energy or fat intake, or energy density [9] [10] [11] . Other family socio-demographic factors, such as parental age, education, smoking status, and the presence of older siblings, also may affect the diet of preschool children [12] [13] [14] [15] . Associations between food intake of toddlers and preschool children and of their mothers have been identified [12, [16] [17] [18] , but the potential impact of the fathers' diet on the intake of their offspring has been less studied [19] . However, few studies have compared the dietary intake in children at different obesity risk and analyzed associations to parental food habits as early as at age one [11, 12] .
Associations between early infant feeding patterns (e.g., breast-feeding vs. bottle/formula feeding, timing of introduction of complementary foods) and weight development have been extensively studied [20, 21] . Notably, a high protein intake during the first years has been linked to later adiposity [22, 23] . However, associations between diet and weight at the age when the transition to family foods is initiated have not been fully explored [24] , although there are indications that the diet of 1-year-old infants may be of higher quality compared to that of children 2-6 years old [25] .
The aim of the present study was to compare infant and parental dietary intake between families with high and low obesity risk based on parental weight status, and to analyze associations between child and parental dietary intake.
Additionally, we aimed to analyze associations between children's relative weight and dietary intake, adjusting for obesity risk as defined by parental weight status and other factors with potential impact on child weight development such as socio-demographics and infant feeding. Parental adiposity, although a strong risk factor for offspring obesity, does not seem to affect the child's weight as early as in infancy [11, 26, 27] . We therefore hypothesized that infants' dietary intake would not yet be affected by obesity risk as measured by parental weight status, even though differences in parental food intake were expected.
Materials and methods

Study population: high-and low-risk families
This study is based on baseline data of the ongoing longitudinal obesity intervention Early Stockholm Obesity Prevention Project (Early STOPP), targeting children 1-6 years at high and low risk of obesity, based on parental weight status. The research protocol for the Early STOPP has been published elsewhere [28] . Ethical approval was given by the Stockholm Regional Ethical Review Board (2009/217-31) .
Families were recruited to the Early STOPP based on parental body mass index (BMI); they were eligible for the high-risk group if at least one parent was obese (BMI ≥ 30) or both parents were overweight (BMI 25-29.9 ) and for the low-risk group if both parents were of normal weight (BMI < 25). In families with one obese parent, the other parent was either overweight or normal weight. Families with one overweight and one normal weight parent were not eligible for any of the groups. We henceforward refer to these two groups of families defined in this way based on parental weight status as high-risk and low-risk families. Written informed consent was obtained from the parents. In total, 240 children 12 months old (±2 months) were measured at the baseline visits, from January 2010 until June 2013. Parents were able to communicate in Swedish. For twin pairs, the firstborn twin was included. Exclusion criteria for the Early STOPP were chronic health problems likely to influence growth, physical activity, or eating habits. An additional inclusion criterion for the current study was that a three-day food record for the child had been completed by the parents (n = 193).
Measures and procedures
Anthropometric data
Details of the baseline measurements have been reported elsewhere [29] . Measured weight and height were used to calculate BMI for children and parents and BMI standard deviation score (BMI SDS) for the children as indicators of relative weight. The children's basal metabolic rate (BMR) was calculated according to the Shofield equation, recommended by the World Health Organization, using gender, weight, and height [30] .
Demographic data
Questionnaires, one for each parent and one for the child, were completed by the parents. Data on duration of exclusive breast-feeding (<2 vs. ≥2 months), age at introduction of complementary foods, child care, and number of siblings as well as parental age, educational level, smoking habits, and ethnic origin were extracted. Parental educational level was combined into family education (low = both parents' educational level <12 years).
Child dietary intake
The parents were instructed to complete an estimated food record during four consecutive days (two weekdays, two weekend days) for their child. Detailed instructions and booklets with pictures of portion sizes of typical meals and sizes of common foods were provided. For those children who had started kindergarten, similar information was provided to the personnel, who were asked to record the meals eaten at the kindergarten (kindergarten starts at age one in Sweden). Food records completed for at least 3 days were included in the analyses. Food records only comprising weekdays were included in the analyses, because no differences in nutritional content between records including weekend days and those including only weekdays were seen. For each day, the parent assessed whether it was a typical day and noted whether the child was sick. Atypical days and sick days were included in the analyses as assessed by the research team to be normal for children of this age. The quality of the food records (details of foods, brands, and estimation of food sizes) was assessed by the research team, and no food record was excluded due to low quality. The amount of breast milk was approximated using the time noted for breast-feeding and estimated amount per minute [31] . The energy and nutrient content was calculated using the Dietist XP software (version 3.2, Kost-och Näringsdata, Bromma, Sweden), which includes the Swedish national food database and supplier-delivered nutritional content of baby foods. For foods not available in the food database, alternative products very similar in energy and nutritional content were selected, and the fat content and quality were assured by adding small amounts of either butter or rapeseed oil. Dietary supplements were not included in the analyses. The children's intake of macronutrients and different types of fat were compared to the Nordic Nutrition Recommendations, NNR 2012 [32] .
Potential underreporting of the children's energy intake was estimated by calculating the ratio of reported mean energy intake (EI) to BMR and comparing this ratio to the adapted Goldberg lower confidence interval cutoff [33] . References for physical activity levels and intra-subject variation in EI and BMR for young children were taken from Black [33] . The resulting BMR/EI ratio cutoffs were 0.85 for boys and 0.89 for girls.
Dichotomous diet quality indicators, representing potentially obesogenic (i.e., obesity-inducing) or obesityprotective habits and the degree of introduction to family meals, were determined based on whether the infants were consumers of predefined food items. The indicators were chosen based on being included in dietary indices or patterns used to study links between whole diet and health in young children [34] , and representing dietary intake components of the Early STOPP intervention [28] . The children were defined to be a "consumer" of a food item if it occurred once or more times in the food record. Obesogenic indicators were "high-sugar foods," "soft drinks," and "salty snacks." An additional potential obesogenic indicator was defined based on the amount of milk cereal drink (MCD) intake per day (>600 ml/day), based on evidence from previous Swedish studies showing a positive association between MCD consumption and relative weight in young children [35, 36] . MCD is an iron-fortified, follow-on formula based on cow's milk and cereal, which is extensively used in Sweden from about 6 months of age. Obesity-protective indicators were "wholegrain bread or grains," "fish," "at least two different types of separate vegetables" (=during all days; vegetables as part of mixed dishes not included), "fruits daily" (=at 3 days), and "water at main meals" (=at all main meals).
Parental food intake
Both mothers and fathers completed a 17-item food frequency questionnaire (FFQ). The FFQ previously had been developed and validated by the Swedish National Food Agency [37] . Frequencies per day or week were calculated for selected foods (fruits and vegetables; whole grain bread; fish; French fries; sausage; full fat cheese; sweets and chocolates; buns, biscuits, and cakes; and soft drinks). The type of spread was defined as low fat (<40 % fat) or high fat (>60 %). The selected items had been associated previously with diet quality indicators for fat, saturated fat, sugar, and dietary fiber [37] . A food index was calculated based on these indicators, representing healthy food habits according to the Swedish dietary guidelines [38] .
Statistical analyses
Outcome variables were tested for normality with the Shapiro-Wilk test and through visual inspection of histograms. Nonparametric tests were used for variables not normally distributed.
The independent t test and χ 2 test were used to test differences in child and parental characteristics between highand low-risk families, and between study population and excluded families. The Mann-Whitney U test examined differences in child energy and macronutrient intake, and parental food frequencies between high-and low-risk families (independent groups). The χ 2 test tested differences in child quality indicators by high/low obesity risk. The infant's dietary intake was additionally compared between high-and low-risk families in multivariate analyses using linear regression, adjusting for gender, BMR, family socio-demographic factors (parental education, ethnicity, and smoking habits; the child being the firstborn child), early infant feeding (duration of exclusive breast-feeding, introduction of complementary foods), and breast-feeding status at age one.
The odds (OR) for infants' diet quality indicators being high in relation to the corresponding parental diet quality indicators were determined using logistic regression, adjusting for high/low obesity risk, parental socio-demographic factors (education, ethnicity, smoking habits, firstborn status), child care (mother and/or father), and breastfeeding status at age one. Associations between children's BMI SDS and dietary intake (energy, macronutrients, and 1 3 diet quality) were analyzed in linear regression analyses, adjusting for high/low obesity risk, parental educational level, and early infant feeding (duration of exclusive breastfeeding, age at the introduction of complementary foods), breast-feeding status at age one and birth weight.
All tests were two-sided, and p values <0.05 were regarded as statistically significant. No correction for multiple testing using the Bonferroni method was applied, due to correlations between many of the tested variables (the Bonferroni method assumes totally independent tests and variables, and thus may be too conservative). In the interpretation of the results, the risk that one out of 20 significant results may be caused randomly was incorporated. All statistical analyses were performed using STATISTICA, version 11 (StatSoft, Inc., Tulsa, OK, USA, www.statsoft. com).
Results
Population characteristics
The study population (n = 193; Table 1 ) did not differ significantly compared to the excluded families due to no or incomplete child food records (n = 47) with regard to child and parental anthropometrics, parental weight status, parental educational level, or whether the child was firstborn (data not shown; p > 0.20). Of the high-risk families, 16 % had two overweight parents, in 24 % the father was obese, in 36 % the mother was obese, and in 24 % both parents were obese (data not shown). There were no significant differences in the children's anthropometry at 12 months between high-and low-risk families (p > 0.05). Most children's BMI SDS was within normal range, but two children had a BMI SDS above two and 10 had a BMI SDS below minus two; these 12 children were all in the high-risk group (data not shown). In the high-risk families, a higher proportion of the subjects had low family education (29 vs. 10 %), were breast-fed exclusively for <2 months (32 vs. 10 %), were the firstborn child (47 vs. 30 %), and had mothers who were trying to lose weight (53 vs. 35 %) compared to the low-risk families. Overall, only 3 % of the children had started to attend kindergarten; the mother was home with the child in 44 % of the families, the father in 22 %, and both parents in 30 %. In total, 16 % of the children were breast-fed at 12 months.
Child dietary intake
None of the children was identified as an underreporter of EI according to the calculated cutoff (see above). The mean EI/BMR ratio was 1.67. The mean intake of energy and macronutrients of the children adhered to the Nordic Nutrition Recommendations, except for the mean intake of energy-adjusted saturated fat (11 % of the EI; E%), which exceeded the recommended level of 10 E% ( Table 2 ). The proportion of children following the recommendations for saturated fat (SFA) was 37 %. The proportion of children having a higher energy-adjusted protein intake compared to the recommendations (above 15 E%) was 21 %.
No significant differences in EI or energy-adjusted intake of macronutrients, fat quality, or dietary fiber could be detected between high-and low-risk infants (Table 2) . These results were confirmed in multivariate analyses, adjusting for gender, BMR, socio-demographics, early infant feeding, and breast-feeding at age one. The multivariate analyses additionally showed that the infants' dietary intake was not associated with parental education (p > 0.05; data not shown). The relative intake of fat and saturated fat was positively associated with breast-feeding at age one (p < 0.05). Additionally, significant positive associations were identified between fat intake and fathers being of nonNordic origin, and between saturated fat intake and smoking in mothers (p < 0.05; data not shown). Infant dietary intake was not associated with the child being firstborn or having siblings.
The proportion of the children adhering to the nutritional recommendations was the same in high-and low-risk families, with one exception: it was more common among the high-risk infants not to adhere to the recommendations for protein intake (28 vs. 14 %; p < 0.05), and there was a tendency for a larger proportion of the infants to have a protein intake above the recommended 10-15 E% (23 vs. 14 %; p = 0.17). The proportion of the infants with high quality for the different diet quality indicators was similar in highand low-risk families.
Parental food intake
The parents' food intake differed for several obesogenic indicators between high-and low-risk families (Table 3) . Mothers in high-risk families consumed fruit less often and soft drinks, French fries, and low-fat spread more often (p < 0.05). Fathers in high-risk families consumed fruit and fish less often and French fries more often (p < 0.05). There were no significant differences between the high-and lowrisk parents in the total diet index score.
Associations between child and parental diet quality indicators
The odds for children being consumers of at least two different types of vegetables were associated with the fathers' intake of vegetables (adjusted OR 1.7, 95 % CI 1.0-2.9; adjusted for obesity risk, socio-demographics, infant feeding, breast-feeding status at age one, and child care; Table 4 ). There was an association between children being consumers of fish and fathers' intake of fish (adjusted OR 2.5, 95 % CI 1. 4-4.4) . No other associations between the parental and child diet quality were identified. Obesity risk did not significantly affect these associations.
Associations between child dietary intake and weight
The infants' BMI SDS at age one was not associated with energy or macronutrient intake, obesity risk, or infant feeding (Table 5) . Regarding the diet quality indicators, only a high intake of MCD (>600 ml/day) was associated with BMI SDS (r = 0.15, p < 0.05), but this association became nonsignificant in multivariate analyses including birth weight (β = 0.11; p = 0.17). The absolute intake of energy, protein, carbohydrates, fat, dietary fiber, and MCD correlated positively to BMR (r = 0.15-0.32; p < 0.05).
Discussion
This study demonstrates that the dietary intake of 1-yearold infants is not associated with family obesity risk as assessed by parental weight status in a high-income country. Even though an obesogenic dietary pattern was apparent among the parents in the high-risk families, their reported intake of unhealthy foods was not associated with the children's diet quality at this early age. Furthermore, the children's relative weight was only weakly associated with a high intake of MCD, but not with any other aspect of dietary intake, nor with obesity risk based on parental weight status. Our hypothesis regarding a lack of influence of obesity risk and obesogenic parental food intake on infants' dietary intake and relative weight was thus confirmed. Our results are in agreement with an earlier study in a small sample of high-and low-risk US infants [11] . Also, in a recent study of infant feeding patterns during the first year, no significant impact of parental adiposity was identified [39] . Most other research showing differences in dietary intake between children at high and low risk of obesity has involved children older than 1 year [6] [7] [8] 40] . In another study on the Early STOPP infants, the lack of impact of parental adiposity on infant growth during the first year has been discussed in detail [29] .
Regarding the impact of the obesogenic parental food habits, it is likely that children at age one have not yet been heavily exposed. As shown, about half of the children had been exposed to high-sugar foods, and only one in 10 had been introduced to sugar-sweetened beverages. While family foods have been introduced to most children at age one, typical infant foods such as infant formula, MCD and porridge, and ready-made baby dishes still constitute a large part of the diet, moderating the impact of the parental food habits [25, 41] . There is evidence that the food intake in 1-year-old infants differs compared to that of children 2-6 years old, and that young children's diet quality gradually decreases by age [25, 42, 43] . Also, as parent-child resemblance in unhealthy food intake has been seen to be stronger among older children [44] , it is plausible that the infant's dietary intake will become more influenced by unhealthy parental food intake as they grow older. In addition to the parental influence, having older siblings may also affect children's dietary intake [45] ; however, no significant association was seen at this age.
The identified positive associations between paternal and child intake of several healthy foods (vegetables and fish) are noteworthy. The mother's and child's diets have been linked in many studies [12, [16] [17] [18] 46] , although the resemblances are relatively weak [44] . However, recently correlations between paternal and child diet intake have also been identified in an Australian sample of primaryschool-aged children [19] . These findings suggest that the parental influence on the child's food intake at this age mainly acts through role modelling of food preferences and the availability to foods that parents bring into the home [47] . In comparison, in a large Swedish cohort, the intake of high-sugar foods in 1-year-old children was associated with maternal intake of high-sugar foods during pregnancy [12] , where a possible mechanism instead may be through influencing the child's taste preferences during pregnancy and lactation [48] . Child care and parental leave systems are likely to influence parent's ability to role model food intake early in infancy. In Sweden, children do not attend kindergarten before the age of one, and a substantial proportion of fathers' is involved in the daily care of their child at this age. The identified associations between paternal and child diet in our study may reflect that more than half of the fathers were involved in the daily care of the child. It is not clear why no associations with the mother's food intake were identified, but one potential explanation is that more mothers than fathers were trying to lose weight and thus trying to keep to a diet not appropriate for their child.
No clear pattern between child diet and parental sociodemographic factors could be identified. Although several other studies on infants' dietary intake have identified an impact of socio-demographic factors, such as maternal education, age, and smoking [12] [13] [14] [15] , these associations may become progressively stronger as the children get older [49, 50] . In a Finnish sample of preschool children, a low dietary quality was not associated with socio-demographic factors as early as at age one, possibly due to a low variation in the diet because of the high consumption of commercial baby foods at this age, similar to the findings of our study [50] . On the other hand, parental education has been associated with early infant feeding (breast-feeding duration) [51] , although this association could not be seen in our previous study in the Early STOPP infants [29] . It should be noted that all Swedish infants visit their child healthcare center frequently during the first year, and parents receive detailed information on when and how to introduce complementary foods. Thus, adequate knowledge of and adherence to nutrition recommendations among the parents is also a plausible explanation for socio-demographics not affecting the infants' dietary intake in our population.
We did not identify any associations between the infants' intake of energy and macronutrients and their relative weight (BMI SDS) at age one. The absence of an association is not likely to be explained by implausible reporting, as absolute intake of macronutrients correlated positively to weight and basal energy requirements. It is possible that the variation in infants' relative weight is explained to a greater extent by energy expenditure [52] ; however, this was not measured in this study. In contrast to our results, cross-sectional associations between EI and BMI z-score have been identified in children 2-9 years old reporting plausible EIs [53] . There is also evidence of longitudinal associations between EI during infancy and higher BMI in childhood [11, 24] , which may indicate that EI predicts weight gain, whereas weight only marginally predicts EI [11] .
The association between MCD consumption and BMI SDS confirms two recently published Swedish studies. In a large cohort of infants, MCD intake at 6 months increased the risk of a high BMI at 12 and 18 months [35] . A Table 3 Parents' food intake in high-and low-risk groups a High risk = at least one parent obese or both parents overweight; Low risk = both parents of normal weight b p value; difference between high-and low-risk groups; Mann-Whitney U test; * p < 0.05, ** p < 0.01
High risk a n = 143
Low risk a n = 50 longitudinal study on the Swedish cohort of the IDEFICS study showed that MCD consumers were nearly five times more likely to develop overweight [36] . In contrast to these studies, we could not confirm that MCD consumption was associated with parental obesity or educational level. The effect of MCD on relative weight became nonsignificant when birth weight was added to the model; however, it should be acknowledged that birth weight has a very strong impact on relative weight of infants at age one as shown by our own previous study [26] . MCD is a very typical and common Swedish infant product, and many Swedish children continue to consume MCD after infancy, even after toddlerhood. Also, MCD is easily ingested in large volumes as it is bottle-fed. This suggests that the effect of MCD consumption on Swedish children's weight development should be further studied prospectively. Early infant feeding patterns (short duration of exclusive breast-feeding, early introduction of complementary foods) did not have an impact on the children's dietary intake in our study, although these associations have been seen in other studies [12, 39, 54, 55] . Neither was early infant feeding associated with BMI SDS at age one, in contrast to previous research that indicated that formula may have a growth-accelerating effect compared to breast-feeding [56, 57] . However, similar to our study, another Swedish study failed to identify associations between infant feeding patterns and relative weight up to 18 months [58] . On the other hand, a tendency for the high-risk children to have a high protein intake compared to nutritional recommendations was observed. This may increase the risk for subsequent adiposity, because longitudinal studies have shown that a high protein intake at age one and 2 years independently is Fruits, berries/day-father 2.0 0.8-4.6
Vegetables/day-mother 1.2 0.7-1.9
Vegetables/day-father 1.8 1.0-3.0* Wholegrain bread slices/day-mother 0.9 0.7-1.3
Wholegrain bread slices/day-father 1.2 0.9-1.6
Fish, shellfish/week-mother 1.0 0.6-1.7
Fish, shellfish/week-father 2. Sugar-sweetened beverages/week-father 0.9 0.7-1.1 associated with a higher relative weight and risk for overweight later in childhood [22, 23, 59] . Our analyses support a valid reporting of infant dietary intake, as it correlated to basal energy requirements and no underreporting of EI could be identified. Also, the reported intake of energy and fat was comparable to a previous study of Swedish infants, where a too-high intake of saturated fat according to the recommendations was reported just as in our study [60] . It has been described before that parents reasonably accurately report the food intake of their infants [61] . The assessment of the validity of reported food intake should preferably additionally be based on objectively measured biomarkers for food intake, such as fatty acid composition in blood. These analyses will be performed in future studies on this material.
The strength of this study is the design where dietary intake in high-risk and low-risk infants is compared, testing whether the familial vulnerability for obesity would be expressed through food intake. Additionally, anthropometrics were measured in both children and parents. Also, potential underreporting of infant EI was tested using the adapted Goldberg method. Finally, many of previously suggested potential determinants for infant dietary intake and weight development were included as covariates in the study.
Some limitations of the study should be acknowledged. Residual confounding is possible; there may be differences between the high-and low-risk groups that were not measured and adjusted for. Furthermore, the size of the population may limit the possibility to detect statistically significant differences in dietary intake and the number of factors possible to adjust for. Also, self-selection bias may have contributed to the nonsignificant results, as the Early STOPP parents are likely to be more interested in healthy dietary habits and more motivated to serve their child healthy foods than the source populations of high-and lowrisk families.
In conclusion, at age one, infant dietary intake was not associated with family obesity risk, nor with parental intake of unhealthy foods. MCD but no other aspect of infant dietary intake reflects relative weight at this age.
